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(54) Decoding punctured codes 

(57) Contiguous frames of data 70-72, each encoded at a different coding-rate, are sequentially received by a 
decoder and then converted to a constant K/n code-rate by inserting symbol markers (74-77) at appropriate, 
punctured bits in each frame. In response to identifying a number of such symbol markers during a 
predetermined time, an appropriate branch metric calculation is selected and applied by the Viterbi decoder to 
decode the frame, see also Fig. 6 (not shown). 

The frames are convolutionally encoded for forward error correction in a GSM communication system. 
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METHOD OF DECODING PUNCTURED CODES 
AND APPARATUS THEREFOR 

RnrkPT-mmf} ft f the- Tnwr^ jftn 

5 

This invention relates, in general, to a method and apparatus for decoding 
signals and is particularly, but not exclusively, applicable to decoding 
punctured convolutional codes. 

10 Summary nf thp Prinr Ar| 



In communication protocols, such as those used in the pan-European 
Groupe Speciale Mobile cellular communication system, forward error 
correction (FEC) of a physical radio channel, for example, is provided by 
15 means of signal encryption. More specifically, in the case of the GSM 
communication system, this encryption takes the form of convolutional 
coding. The complex nature of these codes requires extensive 
computational (processor) power, with the optimum decoding process 
provided by a Viterbi decoding algorithm. 



0 



With respect to a Viterbi state trellis (and algorithm), an output sequence 
is determined based upon the most likely path through a logical trellis of 
states consisting of logical «0"s and logical "l"s that are distributed over 
time. More particularly, at reception of a signal by a Viterbi decoder, a 
measurement of the most likely bit sequence for the signal is made by 
making distance measurements ("branch metric calculations") between 
received data bits and hypothesised data bits. In fact, measurements of an 
absolute distance between two alternative branch metrics determine a 
succession of logical states in adjacent branches of the trellis, which states 
are indicative of a survivor path through the trellis. Typically, the path 
offering the smallest distance (i.e. the largest branch metric) is selected as 
the survivor path. 



In some instances, these convolutional codes also undergo an additional 
process designed to reduce the number of bits ultimately sent, 
e.g.transmitted or communicated, in the output group (sequence). 
Specifically, so-called "punctured codes" are produced by omitting/ignori 



bits from an output sequence generated initially from a rate k/n code, 
where the code rate indicates that an input signal having "k" consecutive 
input bits (otherwise referred to as u a group") produces an encoded output 
signal of a n n consecutive bits (where k and n are integers). Indeed, when 
puncturing takes place, a rate k/n code may be reduced (according to a 
puncturing vector u p n ) by up to "p" bits (where l<p<n) to produce a k/(n-p) 
code, which puncturing advantageously reduces transmission bandwidth 
while maintaining some of the benefits of the coding gain afforded by the 
convolutional code. As such, each component in the puncturing vector 
p indicates the presence or absence of a corresponding bit in the output 
group. 

Unfortunately, the use of punctured codes, although desirable, requires 
the operation of Viterbi decoders to be modified to make allowances for 
changes in coding rates. Existing Viterbi decoders utilise programmable 
registers that store relevant decoding algorithms for these different code 
rates. However, this prior art arrangement struggles to cope with 
contiguous frames of information that have been encoded at different rates. 
More especially, the co-processor of the Viterbi decoder requires a 
rate-control register (and hence its decoding algorithm) to be up-dated 
whenever the code rate changes. However, the requirement for an up-date 
is undesirable (and problematic) in time-critical environments in which a 
control processor has insufficient bandwidth to periodically up-date the 
rate-control register. Furthermore, in some instances, the up-dating of 
the rate-control register, i.e. the adaptation of the decoding algorithm, is 
not performed by the processor in a timely manner, whereby the Viterbi 
algorithm "stalls" and the processing efficiency and throughput of the 
system is accordingly reduced. Some decoding systems accept the 
occurrence of stalls by utilising processor interrupt sequences or by using 
faster processors to mitigate against such stalls. However, the use of 
interrupts in a system often causes general synchronization problems (in 
relation to operation execution, bus contention or hardware conflict), 
whereas faster processor are more expensive (as a consequence of 
manufacturing tolerances). 



Summary Of the Invpntinp 



According to a first aspect of the present invention there is provided a 
method of decoding an encoded frame comprising bits of information that 
have been punctured to produce a variable coding rate of k/(n-p) for the 
frame, where k, n and p are integers and p is a variable puncturing vector, 
the method comprising the steps of: receiving the bits of information; 
determining whether a bit is a punctured bit; inserting a symbol marker 
when the bit is a punctured bit to produce a predetermined code-rate of k/n; 
determining a number of symbol markers inserted into a frame; and 
selecting an appropriate branch metric in response to the number of 
symbol markers to decode the frame at the predetermined code-rate of k/n. 

In a preferred embodiment the symbol marker is selected as a numeric 
15 value that falls outside a range of numeric values used as soft-decision 
symbol integer values. 
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In a second aspect of the present invention there is provided apparatus for 
decoding an encoded frame comprising bits of information that have been 
punctured to produce a variable coding rate of k/(n-p) for the frame, where 
k, n and p are integers and p is a variable puncturing vector, the 
apparatus comprising: a memory having a plurality of branch metrics 
indexed by the variable puncturing vector; and a processor, responsive to 
the bits of information, and arranged to decode the encoded frame, the 
i processor having: means for determining whether a bit is a punctured bit; 
means for inserting a symbol marker when the bit is a punctured bit to 
produce a predetermined code-rate of k/n; and means for determining a 
number of symbol markers inserted into a frame; and means for selecting 
an appropriate branch metric from the memory in response to the number 
of symbol markers to decode the frame at the predetermined code-rate of 
k/n. 

In a preferred embodiment each branch metric of the plurality of branch 
metrics is further indexed by a relative bit position of symbol markers 
within the frame. 
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An exemplary embodiment of the present invention will now be described 
with reference to the accompanying drawings. 

Brief Description of the Drawings 

5 

FIG. 1 is a pictorial representation of coding and puncturing of a bit 
sequence in accordance with known, prior art techniques. 

FIG. 2 illustrates contiguous frames of information encoded at difference 
10 coding rates, as experienced in prior art transmission protocols. 

FIG. 3 shows a prior art soft-decision symbol table. 

FIG. 4 shows a modified soft-decision symbol table that may be utilised by a 
15 preferred embodiment of the present invention. 

FIG. 5 illustrates, in accordance with a preferred embodiment of the 
present invention, a manipulation of contiguous frames of information 
encoded at difference coding rates. 

20 

FIG. 6 is a block diagram of a Viterbi decoder according to a preferred 
embodiment of the present invention. 

FIG. 7 shows a flow diagram illustrating a process for de-puncturing a 
25 punctured code, as used by the Viterbi decoder of FIG, 6. 

FIG. 8 shows a flow diagram illustrating a decoding algorithm used by the 
Viterbi decoder of FIG. 6. 

30 Detailed Description of a Preferred Embodiment 

Referring to FIG. 1, there is shown a pictorial representation of a coding 
and puncturing process for an input bit sequence according to prior art 
techniques. Specifically, a plurality of input bits (bo-bk) 10 are encoded by 
35 an encoder 12, such as a convolutional encoder. A plurality of output bits 
(Bo, B n .i, B n ) 14, generated by the encoding process of the encoder 12, are 
subsequently subjected to a puncturing vector 16, which selectively negates 
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(omits or deletes) particular bits from the output bits (B 0 , B n .i, B n ) 14 to 
produce an output group vector (or sequence) Q (also referenced by 
numeral 18). The output group vector 18 may therefore have any one of a 
range of coding rates from k/n to k/(n-p). The mechanism of FIG. 1 can 
alternatively be expressed mathematically, thus: 
_b = {bo...b k ) (eqn.l) 
JB = {B 0 ...B n } (eqn.2) 
p = (po-Pn) (eqn.3) 

and 

Q = (Bopo, B!pi B„pn) (eqn.4) 

where: _b is the input group vector; _B is the coded group vector; and p is 
the puncturing vector. And, pi = 0 => do not transmit B i; pi = 1 => transmit 
Bi; and at least one of p^ to n is set to 0. 

FIG. 2 illustrates an arrangement of contiguous frames of information, 
each encoded at a different coding rate (as typically experienced in prior 
art transmission protocols). Particularly, only four (4) frames 30-36 have 
been illustrated for the sake of simplicity and brevity, with the frames 
respectively encoded at rates k/n, k/(n- P1 ), k/(n-p 2 ) and k/(n-p 3 ), thereby 
producing a requirement for variable-rate decoding. At the frame 
boundaries (e.g. at transitions 38 and 40 between frames 30 and 32 and 32 
and 34, respectively), a prior Viterbi decoder using a rate-control register 
(not shown) would need to be up-dated (poked) with a code rate change, as 
previously described. 

FIG. 3 shows a prior art soft-decision symbol table, in which a multitude of 
symbol values (levels) 50 indicate relative amounts of confidence in a 
received binary logical value (as will be understood). Explicitly, the 
multitude of levels 50 define states (symbol integer values 52) between K 
and -(K+l), with all states between 0 and K indicating increasing levels of 
confidence in the logical result of "1", and all states between -1 and -(K+l) 
indicating increasing levels of confidence in the logical result of "0". It will 
be noted that, in this instance, level 0 indicates the least confident result of 
a logical "1". 
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FIG. 4 shows a modified soft-decision symbol table that may be utilised by a 
preferred embodiment of the present invention. Again, a multitude of 
symbol values (levels) 60 indicate relative amounts of confidence in a 
received binary logical value (as will be readily appreciated). Explicitly, the 
5 multitude of levels 60 define states (symbol integer values 62) between K 
and -(K+l), with all states between 1 and K indicating increasing levels of 
confidence in the logical result of u ¥, and all states between -1 and -(K+l) 
indicating increasing levels of confidence in the logical result of a 0". It will 
be noted that, in this instance, level 0 has no level of confidence attached to 
10 it (and therefore no meaning in the context of the table). 

The concept of the present invention is exemplified in FIG. 5, which shows 
a manipulation of contiguous frames of information (encoded at difference 
coding rates) to produce a constant decoding rate, irrespective of 

15 puncturing levels. Therefore, all punctured codes, i.e. codes of the form 
k/(n-p), are decoded at an original unpunctured (and constant) rate of k/n. 
This constant rate is achieved through the use of a "de-puncturing 
symbol", which when passed through a Viterbi algorithm does not effect 
the normal operation of the decoding process but allows decoding at the 

20 original unpunctured rate k/n. This approach advantageously allows a 
continuously coded sequence of different code-rate sub-frames (e.g. k/n, 
k/(n-pi) and k(n-p2» to be decoded sequentially at a single code rate k/n, 
such that changes in actual code rates are transparent to the Viterbi 
decoder. Adoption of the approach of the present invention eliminates the 

25 need for a processor of the Viterbi decoder to up-date (or, in fact, use of) a 
rate-register. 

Two alternative mechanisms exist for the insertion of the de-puncturing 
symbol, the selection of which is subject to the form soft-decision table 

30 ultimately adopted. In a first mechanism, a unique numeric input value, 
a M" (referred to as a marker symbol), not in the range of symbol values 
(i.e. M<-(K+1)<K or -(K+1)<K<M), is used to indicate a position of a 
punctured symbol within a punctured group and is therefore used to 
reinflate the punctured group to its original input group size 

35 (i.e. k symbols in length). 
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For example, considering a punctured 1/3 rate code having an input group 
b 0 that maps prior to puncturing, to an output group Bo, Bi and B 2 . The 
output group B 0 , Bi and B 2 then maps (through a puncturing vector, p) to 
symbols B 0 and B 2 . After soft decision assignment at a demodulator, these 
symbols are received as integer values 3 and 10 (which integer values fall 
somewhere within an integer coding range of, say, K=15). Thus, the 
received group is presented to the Viterbi algorithm as the symbol 
sequence 3, M, 10. The Viterbi algorithm is implemented to recognise the 
marker symbol and to automatically select an appropriate, corresponding 
branch metric calculation method for the punctured group to which the 
marker symbol belongs. As will be appreciated, insertion of the marker 
symbol allows the input data sequence to define and control the selection of 
the branch metric calculation method, thereby freeing the processor of the 
Viterbi decoder from this task. 



In a second mechanism, selection of the modified soft-decision symbol 
table permits the use of the symbol integer value 0 as a de-puncturing tool, 
since transmitted signals from the encoder are assigned arithmetic values 
from +1 and -1 to represent logical T and logical "0", respectively. The 
symbol integer value 0 can therefore be considered as a symbol marker that 
is out-of-range relative to available symbol integer values indicative of 
confidence levels in the soft-decision table. More particularly, if the branch 
metric function is chosen suitably (i.e. correlation metrics are used) then 
the insertion of integer value 0 into an input group vector r allows the k/n 
rate branch metric function ffh', r) to be used on the de-punctured group r. 
Therefore, by inserting symbol integer value 0 in the punctured symbol 
positions prior to decoding, the processor of the Viterbi decoder can operate 
on any punctured code as though it was a k/n rate code. This mechanism 
has an advantage of the first mechanism in as much as no special marker 
30 symbol detection logic (in the processor) is required. 

Referring back to FIG. 5, it can be seen that consecutive k/n rate frames 
70-72 have been achieved through the insertion of marker symbols at bits 
74, 75 and 76 of frame 70, and bit 77 of frame 71. The remaining bits shown 
35 in each identified frame contain logical values, rather than corresponding 
confidence values provided by the symbol integer values of FIGs. 3 and 4. 
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In FIG. 6, a block diagram of a Viterbi decoder 80 according to a preferred 
embodiment of the present invention is shown. The Viterbi decoder 80 
comprises a processor 82 for decoding a convolutionally encoded input 
signal 84 provided thereto. The convolutionally encoded input signal is in a 
5 symbol' integer value form, as shown in FIGs. 3 and 4. After a decoding 
process, the processor 82 provides a decoded output signal 86. The 
processor 82 is coupled to a counter/timer 83 used to count marker symbols 
(or symbol integer value *0 w s) during a predetermined period (e.g. a 
frame). A memory device 88 is coupled to the processor 82 and contains 

10 data relating to the decoding process. More specifically, the memory 

device 88 contains a data base indexed through a marker symbol (M) value 
that indicates the number of marker symbols (or 0 symbol integer values), 
e.g. 3, that appear in a given number of bits (indicative of the 
predetermined period). Through indexing the marker symbol value 90, a 

15 code-rate register 92 identifies a code-rate for the number of marker 

symbols that appear in a given predetermined period. Furthermore, in 
response to the indexing of the marker symbol value 90, a corresponding 
branch metric is retrievable from a branch metric register 94. It will be 
noted that different branch metrics may be stored in the branch metric 

20 register 94 against identical marker symbol values, e.g. a value for 3 

marker symbols per frame may have a pluarlity of alternate branch metric 
calculations. These different branch metrics result from a relative 
position of marker symbols with respect to particular bits in a frame. For 
example, as will be appreciated, an eight-bit frame containing logical 

25 values and marker symbols 101MM0M1 may have a different branch 
metric from an eight-bit frame containing logical values and marker 
symbols 10MMM111, as will be understood. As will be understood, the 
processor 82 (in response to the counter/marker 83) identifies the number 
of marker symbols (or U 0 W , as appropriate to the selected soft-decision 

30 mechanism) in a frame (e.g. frame 70 of FIG. 5) and retrieves and 
executes the required branch metric calculation. 

Turning to the flow-diagram of FIG. 7, a process used by the Viterbi 
decoder of FIG. 6 for de-puncturing a punctured code is shown. The 
35 process starts at 100. At 102, a counter is set to value 1, indicating a first bit 
of a frame (or group) of interest 103. At 104, the bit is analysed by the 
processor 82 to determine whether the bit (Qi) was punctured. Dependent 
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upon which of the two previously described mechanisms was selected, the 
bit is either passed into the Viterbi algorithm 106, or marked 108 with one 
of the special symbol M or the symbol integer value 0 to reinflate the code to 
produce a k/n code rate. The reinflated bit is then fed into the Viterbi 
algorithm 110, and decoded in the Viterbi state trellis (controlled by the 
processor 82). Then, at 112, a test is made to determine whether the end of 
a burst/frame has been reached. If affirmative, the process finishes 114, 
else counter/timer 83 is incremented 116 to identify the next bit of a frame 
of interest. The process returns to the process loop at step 103, where the 
newly identified bit of the frame of interest is analysed. 



The flow-diagram of FIG. 8 shows a decoding algorithm used by the 
Viterbi decoder of FIG. 6. Basically, the process starts at 130. At 132, a 
counter is set to value 1, indicating a first bit of a frame (or group) of 
15 interest 133. At 134, the bit is analysed by the processor 82 to determine 
whether the bit (Qi) was marked. Then, the bit if the bit has not been 
marked, it is decoded 136 using branch metric function Rh', Qj), else the 
requisite branch metric 140 is recalled from memory 88 (based on the 
determined number of marker symbols or "0"s - step 138). At 142, a test is 
20 made to determine whether the end of a burst/frame has been reached. If 
affirmative, the process finishes 144, else counter/timer 83 is incremented 
146 to identify the next bit of a frame of interest. The process returns to the 
process loop at step 133, where the newly identified bit of the frame of 
interest is analysed. As will be appreciated, «h\ Q0 is the branch metric 
25 function for rate k/n codes, where h' is the hypothesised received group 
and Qi is the actual received group. Also, gp( h', Qi) is the branch metric 
function for a rate k/(n-p) punctured code having puncturing vector P, 
where h is the hypothesised received sequence and Qi is the actual 
received group. 

30 

The present invention provides an improved method of handling 
punctured code, which method is not prone to producing stalls in a Viterbi 
decoder or associated hardware/software. In addition, the present 
invention has the ability to handle contiguous frames of data each encoded 
35 at a different coding-rate by converting these different rates to a k/n code 
rate and then applying an approriate branch metric based on a number of 
identified marker symbols. 
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Claims 

1. A method of decoding an encoded frame comprising bits of 
information that have been punctured to produce a variable coding rate of 
5 k/(n-p) for the frame, where k, n and p are integers and p is a variable 
puncturing vector, the method comprising the steps of: 
receiving the bits of information; 
determining whether a bit is a punctured bit; 

inserting a symbol marker when the bit is a punctured bit to produce 
10 a predetermined code-rate of k/n; 

determining a number of symbol markers inserted into a frame; and 
selecting an appropriate branch metric in response to the number of 
symbol markers to decode the frame at the predetermined code-rate of k/n. 

15 2. The method of claim 1, wherein the frame is convolutionally 
encoded. 

3. The method of claim 1 or 2, wherein the symbol marker is selected 
as a numeric value that falls outside a range of numeric values used as 

20 soft-decision symbol integer values. 

4. The method of claim 3, wherein the numeric value is zero. 

5. The method of any preceding claim, wherein the appropriate branch 
25 metric is dependent upon a relative bit position of symbol markers within 

the frame. 
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6. Apparatus for decoding an encoded frame comprising bits of 
information that have been punctured to produce a variable coding rate of 
k/(n-p) for the frame, where k, n and p are integers and p is a variable 
puncturing vector, the apparatus comprising: 

a memory having a plurality of branch metrics indexed by the 
variable puncturing vector; and 

a processor, responsive to the bits of information, and arranged to 
decode the encoded frame, the processor having: 

means for determining whether a bit is a punctured bit; 

means for inserting a symbol marker when the bit is a punctured bit 
to produce a predetermined code-rate of k/n; and 

means for determining a number of symbol markers inserted into a 
frame; and 

means for selecting an appropriate branch metric from the memory 
in response to the number of symbol markers to decode the frame at the 
predetermined code-rate of k/n. 



7. Apparatus as claimed in claim 6, wherein the apparatus is a Viterbi 
decoder and the frame is convolutionally encoded. 

8. Apparatus as claimed in claim 6 or 7, wherein each branch metric 
of the plurality of branch metrics is further indexed by a relative bit 
position of symbol markers within the frame. 

9. A method of decoding a punctured code substantially as hereinbefore 
described with reference to FIGs. 5 to 8 of the accompanying drawings. 

10. Apparatus for decoding a punctured code substantially as 
hereinbefore described with reference to FIGs. 5 to 8 of the accompanying 
drawings. 
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